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I n t r o d u c t i o n
The acute phase response (APR) is the rapid and non-specific 

response elicited by all sorts of inflammatory stimuli, such as infec-
tion, trauma, cancer, and ischemia. It is characterized by release of 
signal molecules from injured cells and tissues; these molecules trig-
ger synthesis of pro-inflammatory cytokines that will induce hepatic 
synthesis of acute phase proteins (APPs). The APPs are released into 
the blood stream, where they can be measured in increased concen-
trations (1). In the horse, several proteins have acute phase proper-
ties, e.g., serum amyloid A (SAA), fibrinogen, and haptoglobin. In 
response to inflammatory stimuli, blood concentrations of fibrinogen 
and haptoglobin will increase modestly (up to 10 times healthy 
values), while SAA concentrations may increase several 100- or 
1000-fold (2). Along with levels of APPs, levels of other parameters 
such as white blood cell counts (WBC) and iron concentrations will 

change during the inflammatory response. While WBC will increase 
during inflammation, serum iron concentrations will decrease (3,4).

It has been shown that strenuous exercise elicits a short-lived APR 
in humans and horses, with increases in WBC and serum concentra-
tions of APPs. Most of these studies have investigated the APR in 
endurance sports such as 120- to 160-km endurance races in horses 
(5,6) and marathon, ultramarathon, and triathlon competitions in 
humans (7). There are, however, studies in humans, dogs, and horses 
that have investigated the effect of acute exercise of a shorter dura-
tion at high intensity. Two studies of trained human amateur runners 
(8,9) investigated the response to shorter running distances (5 and 
15 to 21 km), as did a study in sled dogs (10) performing moderate-
duration, high-intensity exercise (racing 16 miles each of 2 days). 
These studies showed that shorter running distances also caused 
an APR with small and short-lived increases in WBC and serum 
concentrations of C-reactive protein, the major human and canine 
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A b s t r a c t
The purpose of the study was to investigate whether acute strenuous exercise (1600- to 2500-m race) would elicit an acute phase 
response (APR) in Standardbred trotters. Blood levels of several inflammatory markers [serum amyloid A (SAA), haptoglobin, 
fibrinogen, white blood cell count (WBC), and iron], muscle enzymes [creatinine kinase (CK) and aspartate transaminase (AST)], 
and hemoglobin were assessed in 58 Standardbred trotters before and after racing. Hemoglobin levels increased and iron levels 
decreased 12 to 14 h after racing and haptoglobin concentrations, white blood cell counts, and iron levels were decreased 2 and/or 
7 d after racing. Concentrations of CK, AST, SAA, and fibrinogen were unaltered in response to racing. 

Acute strenuous exercise did not elicit an acute phase reaction. The observed acute increase in hemoglobin levels and decreases 
in haptoglobin and iron levels may have been caused by exercise-induced hemolysis, which indicates that horses might experience 
a condition similar to athlete’s anemia in humans. The pathogenesis and clinical implications of the hematological and blood-
biochemical changes elicited by acute exercise in Standardbred trotters in the present study warrant further investigation.

R é s u m é
L’objectif de la présente étude est d’investiguer l’effet de l’exercice intensif (1600–2500 m) sur l’apparition d’une phase inflammatoire aigué 
chez des trotteurs. Les taux sanguins de différents marqueurs inflammatoires [serum amyloid A (SAA), haptoglobine, fibrinogène, globules 
blanc (WBC) et fer], d’enzymes musculaires [creatinine kinase (CK) et aspartate transaminase (AST)] et d’hémoglobine ont été évalué dans 
58 trotteurs avant et après la course. Respectivement une augmentation et diminution des taux d’hémoglobine et de fer furent présente 
12–14 heures suivant la course. Une réduction des taux d’haptoglobine, de globules blanc et de fer était présente 2 et/ou 7 jours après la 
course. Aucun changement dans les concentrations de CK, AST, SAA et fibrinogène n’a pu être démontre en relation avec la course.

L’exercice intense réalise lors de cette étude n’a pu induire de phase inflammatoire aigué. L’augmentation d’hémoglobine et la diminution 
d’haptoglobine et de fer peuvent être causées par une hémolyse induite par l’exercice, indiquant qu’une condition similaire à l’anémie de 
l’athlète chez l’homme existe chez le cheval. La pathogénèse et l’implication clinique des modifications hématologiques et biochimiques lié à 
un exercice intense chez les trotteurs dans la présente étude justifié de plus amples investigations.
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APP. In contrast, a recent study of horses participating in limited 
distance endurance rides (34 or 60 km) showed no post-race change 
in APPs (6). The APR after acute, short-duration exercise (sprinting) 
has been investigated to a limited degree in horses. One study of 
Thoroughbreds showed no SAA response 1 h after a 1600-m race 
(11). No studies are available on the effects of racing on the APR of 
Standardbred trotters.

The APR to exercise seems to be related to running distance (9) 
and degree of muscle injury, as measured by serum concentrations 
of creatinine kinase (CK) (12,13). Training has been shown to cause a 
reduction in the post-run APR in humans (14), thus suggesting that 
an improved physical condition protects against the exercise-induced 
APR. In contrast, a previous study in Thoroughbreds demonstrated 
increased fibrinogen and haptoglobin concentrations during the 
last weeks of an 80-d training program. It was suggested that this 
could be an effect of both the adjustments to training and subclinical 
disease becoming manifest over time (15).

The hypothesis of this study was therefore that acute, strenuous 
exercise (1600 to 2500 m-race) induces an APR in Standardbred 
trotters. Assessing levels of acute phase reactants could potentially 
yield information about individual fitness and the possible need for 
a prolonged rest after racing.

M a t e r i a l s  a n d  m e t h o d s
Blood samples were obtained from 58 Standardbred trotters 

[22 stallions, 13 mares, 23 geldings; mean age 4.8 y (from 3 to 11 y)]. 
Pre-race samples (day -1) were collected from all horses. Samples 
were collected 12 to 14 h after racing (group A, n = 26) or 2 and 7 d 
after racing (group B, n = 32). The horses were all fit racehorses in 
professional training that raced at different racetracks in Denmark 
and Sweden. Racing distances were 1600 m (n = 1), 1640 m (n = 11), 
1700 m (n = 5), 1800 m (n = 2), 1900 m (n = 7), 2000 (n = 1), 2020 m 
(n = 1), 2100 m (n = 5), 2140 m (n = 18), and 2500 m (n = 6), all of 
which are considered sprinting distances. Racing distance was not 
recorded for 1 horse. Information about racing speed (kilometer time, 
i.e., time in seconds when trotting a 1-km distance) and finishing 
position was recorded for each horse.

On the day of blood collection, each horse underwent a general 
clinical examination. Blood was collected in tubes (Vacutainer 
Systems; Becton Dickinson, Meylan, France) containing sodium-
ethylene diamine triacetic acid (EDTA) for determining WBC and 
hemoglobin, tubes containing sodium citrate for determining plasma 
fibrinogen, and tubes with no additive for preparing serum samples 
for analyzing concentrations of SAA, iron, CK (only measured in 
group A), aspartate transaminase (AST) (only measured in group A), 
and haptoglobin (only measured in group B). Citrated plasma was 
prepared by centrifugation at 2000 3 g for 10 min. Serum was 
prepared by letting blood samples coagulate for approximately 6 h 
before centrifugation at 2000 3 g for 10 min. Analyses were carried 
out immediately (WBC, hemoglobin) or serum/plasma was stored 
for up to 4 wk at 220°C before analyses were carried out (CK, AST, 
SAA, haptoglobin, fibrinogen, and iron).

Serum CK and AST were determined spectrophotometrically 
[by CK-catalyzed N-acetylcysteine-activated reaction with adenos-
ine diphosphate (ADP) and, through several steps, subsequent 

reduction of nicotinamide-adenine dinucleotide phosphate (NADP) 
to nicotinamide-adenine dinucleotide phosphate plus hydrogen 
(NADPH), and by AST-catalyzed L-aspartate and 2-oxoglutarate 
reaction with subsequent maleate dehydrogenate-catalyzed NADH 
oxidation indicator reaction] according to International Federation 
of Clinical Chemistry guidelines in an ADVIA 1800 Chemistry 
System (Siemens Health Care Diagnostics, Deerfield, Illinois, 
USA). Serum SAA concentrations were determined by a previously 
validated immunoturbidometric method (LZ test SAA; EIKEN 
Chemical, Tokyo, Japan) (16). Haptoglobin was assessed by colori-
metric spectrophotometry (Phase Range Haptoglobin Assay; Tridelta 
Development, Maynooth, Ireland) on an automated ADVIA 1800 
Chemistry System (Siemens Health Care Diagnostics) as described 
in a previous study (17). Fibrinogen concentrations were determined 
by the Clauss method in an automated coagulometric analyzer 
(ACL 9000; Instrumentation Laboratory, Barcelona, Spain). Serum 
iron concentrations were determined by colorimetric spectropho-
tometry (ADVIA 1650; Bayer A/S, Lyngby, Denmark).

Different analysis techniques were used for the 2 groups of horses 
to determine WBC and hemoglobin concentrations. In group A, 
hematological analyses were done using an ADVIA 2120 analyzer 
(Siemens Healthcare Diagnostics) with equine settings. In group B, 
2 handheld analyzers (HemoCue Hb 2011 and HemoCue WBC; 
HemoCue, Vedbæk, Denmark) were used according to the manu-
facturer’s instructions.

Table I. Levels of creatinine kinase (CK), aspartate 
transaminase, acute phase proteins, iron, hemoglobin, and 
white blood cell count in 26 Standardbred trotters before 
(day -1) and after (12 to 14 h) racing 1640 or 2140 m. Levels 
are shown as mean 6 standard deviation (range). Within each 
row, different superscript letters signify statistical difference 
(P , 0.05) between sampling times

	 Day -1	 14 h
Creatinine kinase (U/L)	 316.1 6 368.3a	 262.2 6 79.84a

	 (157 to 2035*)	 (166 to 454)

Aspartate transaminase (U/L)	 434.8 6 188.4a	 465.6 6 156.5a 
	 (172.0 to 1021)	 (170.0 to 825.0)

Serum amyloid A (mg/L)	 1.6 6 0.23a	 1.6 6 0.36a 
	 (1.1 to 2.0)	 (1.2 to 2.8)

Fibrinogen (g/L)	 3.87 6 1.47a	 3.54 6 1.13a 
	 (1.98 to 5.73)	 (1.89 to 6.01)

Iron (mmol/L)	 29.09 6 8.93a	 25.47 6 6.17b 
	 (15.48 to 59.47)	 (15.44 to 37.36)

Hemoglobin (g/L)	 138.7 6 10.12a	 150.6 6 11.77b 
	 (118.0 to 157.0)	 (130.0 to 170.0)

White blood cell count 	 7.27 6 1.24a	 7.86 6 1.31a 
(3 109/L)	 (5.6 to 9.9)	 (5.6 to 10.0)
* One horse had elevated CK before racing, but in a control sample 
obtained 1 h after racing, levels were 600 U/L (data not shown) and 
the measured value may be an error or result from contamination of 
the phlebotomy needle with tissue. As no reason for excluding this 
outlier was identified, it was retained in the analyses to avoid bias.
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All statistical analyses were carried out using Prism 4.02 
(GraphPad, San Diego, California, USA). Normal distribution of data 
was assessed by D’Agostino and Pearson omnibus normality test and 
all parameters, except SAA, were found to be normally distributed. 
Changes over time in WBC and serum levels of CK, AST, SAA, hap-
toglobin, fibrinogen, and iron within each group were evaluated by 
paired t-test (group A) or repeated measurements analysis of variance 
(ANOVA) with pairwise comparisons by Bonferroni test for signifi-
cant effects (group B). Due to the different laboratory analyses used 
for determining some of the measured parameters in the 2 groups of 
horses, levels could not be compared between the 2 groups. The cor-
relation between blood parameters and kilometer time was evaluated 
by linear regression. Differences in blood parameters between racing 
distances were evaluated by Student’s t-test (group A) or one-way 
ANOVA and pairwise comparisons (Bonferroni) for significant effects 
(group B). A 5% significance level was used.

Re s u l t s
All horses remained clinically healthy throughout the study, 

except for 1 horse that was excluded from the study as it developed 
a hoof abscess. Five horses galloped during the race and their kilo-
meter times were thus not included in further analyses.

Analyses showed that, in group A, iron decreased significantly 
(P , 0.05) and hemoglobin increased significantly (P , 0.05), while 
CK, AST, fibrinogen, SAA, and WBC remained unchanged (Table I). 
In group B, haptoglobin, iron, and WBC decreased significantly 
(P , 0.01, P , 0.05, and P , 0.01, respectively) (Table II), while SAA, 
fibrinogen, and hemoglobin concentrations remained unchanged 
throughout the study period (Table II).

Racing distance and racing speed [kilometer time; average and 
standard deviation (SD) 76.2 6 2.2, range 72.0 to 84.5 s/km] were 
generally not related to magnitude of change in levels of the blood 
parameters, but in group B, WBC levels decreased to a greater 
magnitude in horses racing 2500 m than in horses racing shorter 
distances (P , 0.05).

D i s c u s s i o n
Acute, high-intensity exercise caused changes in the levels of iron, 

hemoglobin, haptoglobin, and WBC in the blood of the horses. The 
results of the present study did not, however, support the hypoth-
esis that exercise induces an inflammatory response. Levels of the 
4 positive acute phase parameters remained unchanged (SAA and 
fibrinogen) or decreased (haptoglobin, WBC) after racing. Serum 
amyloid A concentrations will increase several 100-fold even after 
mild inflammatory stimuli such as minor arthroscopic procedures 
(18), foaling (19), or vaccination (20). Even minor injuries to the 
horses during racing, such as muscle damage, that cause a sub-
sequent APR would thus likely have resulted in increased serum 
SAA concentrations. The horses in the present study did not seem 
to suffer muscle damage, as serum levels of CK and AST were not 
significantly elevated after racing. This is in contrast to horses per-
forming endurance rides of 120 or 160 km, which had elevated serum 
CK and SAA levels after the race (5,6). Two studies on the effects 
of training on CK and APPs in Thoroughbreds and Standardbreds 
showed increases in CK and fibrinogen and haptoglobin over the 
course of an 80-d training program (15,21). These differences are 
very likely related to differences in duration of exercise and type of 
exertion between studies.

Table II. Levels of acute phase proteins, iron, hemoglobin, and white blood cell count in 
32 Standardbred trotters before (day -1) and after (day 2 and 7) racing 1600 to 2500 m. 
Levels are shown as mean 6 standard deviation (range). Within each row, different 
superscript letters signify statistical difference (P , 0.05) between sampling times

	 Day -1	 Day 2	 Day 7
Serum amyloid A (mg/L)	 10.4 6 42.2a	 0.8 6 4.2a	 Below DLa 
	 (below DL-214*)	 (below DL-25.1)	 (all below DL)

Haptoglobin (g/L)	 1.91 6 0.25a	 1.11 6 0.29b	 1.15 6 0.24a,b 
	 (0.70 to 1.59)	 (0.52 to 1.55)	 (0.73 to 1.59)

Fibrinogen (g/L)	 3.1 6 0.4a	 3.1 6 0.4a	 3.0 6 0.4a 

	 (2.2 to 4.0)	 (2.3 to 3.9)	 (2.3 to 4.2)

Iron (mmol/L)	 31.98 6 7.8a	 31.88 6 8.2a	 28.35 6 9.2b 
	 (18.81 to 52.13)	 (16.98 to 54.38)	 (16.29 to 60.60)

Hemoglobin (g/L)	 149.4 6 19.17a	 150.6 6 23.77a	 148.4 6 15.59a 
	 (79.0 to 193.0)	 (96.0 to 214.0)	 (98.0 to 175.0)

White blood cell count (3 109/L)	 8.8 6 2.2a	 8.3 6 1.4a,b	 7.7 6 1.5b

	 (5.2 to 14.5)	 (5.8 to 10.7)	 (5.7 to 11.2)
DL — detection limit of the assay (corresponding to 0.5 mg/L SAA).
* It was not clear why 1 horse had mildly elevated SAA before racing, as the horse was clinically 
healthy and SAA levels were low in the subsequent sample. As no reason for excluding this outlier 
was identified, it was retained in the analyses to avoid bias.
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Timing of sampling is important in order not to miss a potential 
increase in SAA and other APPs. Previous studies have shown 
that serum concentrations of SAA will increase within 8 to 24 h 
of an inflammatory stimulus, while fibrinogen and haptoglobin 
responses develop more slowly (18,20,22). No significant change in 
SAA levels were detected in Standardbreds 1 h after completing a 
standardized 1600-m race (11), but due to the kinetics of the SAA 
response, increases in SAA concentrations would not be expected 
with this short interval between stimulus and sampling. In contrast, 
the sampling intervals in the current study (12 to 14 h, 2 and 7 d 
after the race) were long enough to allow SAA, fibrinogen, and 
haptoglobin responses to develop, if present (2). Therefore, the 
lack of APP response cannot be ascribed to the choice of sampling  
times.

The WBC decreased 7 d after racing. The pathogenesis of this 
decrease is not clear. Taking into account the kinetics of leukocyte 
response (when fast decreases in leukocyte numbers occur only in 
response to severe and peracute inflammation such as sepsis), it is 
not likely that the small, yet statistically significant decrease on day 7 
is the result of race-related inflammation. Leukocyte numbers, popu-
lations, and functions may change in response to acute exercise (23). 
Increases in leukocyte numbers are usually observed within hours of 
acute exercise and the significance and interpretation of the late and 
small decrease in WBC observed in the present study are thus not 
clear (23,24). The consequences, if any, of such changes in terms of 
performance and health of the horses are currently unknown, but in 
humans, heavy training has been linked to immunosuppression and 
increased incidence of upper airway infections (23). Further studies 
are needed to determine whether changes in leukocyte numbers 
are a consistent feature of acute strenuous exercise in horses and to 
investigate whether the observed small changes have any clinical 
significance.

The measurements of the 4 positive acute phase parameters thus 
did not support the hypothesis of a racing-induced inflammatory 
response. In contrast, the decrease in serum iron levels observed in 
both groups of horses might reflect an exercise-induced inflamma-
tory response. Iron is a very sensitive marker of inflammation with a 
fast kinetic. It will decrease within hours after an inflammatory insult 
and return to baseline levels 1 to 2 d after inflammation has waned 
(18,20). Inflammatory cytokines such as interleukin-1b, interleukin-6, 
and tumor necrosis factor a are released and cause hepatic upregula-
tion of the hormone hepcidin during inflammation (4) as well as dur-
ing exercise (25). This has a negative influence on iron transportation 
and absorption and, as such, exercise-induced inflammation might 
potentially lead to a drop in serum iron concentrations similar to that 
demonstrated in other inflammatory conditions in horses (20). In the 
absence of other inflammatory signs, however, non-inflammatory 
causes of decreased serum iron concentrations are more likely in 
the present study. Hemolysis and/or volume expansion have been 
suggested as potential causes of decreased serum iron in horses 
undergoing a 3-wk training program (26). In humans, many exercise-
related factors can affect serum iron concentrations, e.g., loss of iron 
in sweat (27), increased erythrocyte destruction with subsequent 
hemoglobinuria (28), and gastrointestinal bleeding (29). It was not 
determined whether one or more of these mechanisms contributed 
to iron loss in the horses involved in the present study.

The increase in blood hemoglobin levels demonstrated in group A 
12 to 14 h after racing and the decrease in serum haptoglobin con-
centration demonstrated in group B 2 days after racing may indicate 
that subclinical hemolysis occurred in response to the exercise, which 
is similar to findings in numerous studies in humans (28,30–34). 
Haptoglobin associates strongly with hemoglobin released from 
red blood cells during hemolysis. Decreased serum haptoglobin 
concentrations have thus been demonstrated in horses after intra-
vascular hemolysis (35), and 2 studies have shown that hemoglobin 
levels increase and haptoglobin levels decrease in Thoroughbreds 
after individual training sessions or over the course of a 3-wk train-
ing program (26,36). As hemoglobin in the present study was total 
hemoglobin, not plasma hemoglobin, increases in numbers of red 
blood cells, e.g., in response to splenic contraction, may also have 
affected the results.

Hemolysis and changes in iron metabolism such as those demon-
strated in the present study are thought to be the cause of athlete’s 
anemia. This condition, which is characterized by persistently low 
levels of blood hemoglobin, low hematocrit, and low ferritin con-
centrations, is well-described in humans, particularly in athletes 
practicing endurance sports. It has been suggested that this condition 
causes suboptimal performance or even fatigue. Several factors may 
contribute to its development in humans, including hemolysis caused 
by the foot striking against hard ground, gastrointestinal bleeding, 
hematuria, sweating, and menstruation in females (37). Additional 
studies are needed with more detailed analyses of factors involved 
in erythrocyte turnover and iron metabolism to determine whether 
anemia occurs in equine athletes. It is not clear if and how changes 
in erythrocyte-related parameters, haptoglobin levels, and iron status 
affect the equine athlete clinically or in terms of performance.

In conclusion, the acute exercise performed in the present study 
did not elicit any kind of inflammatory response with changes in 
levels of acute phase parameters. This is in contrast to studies in 
endurance horses after 120- to 160-km rides (5,6), and is most likely 
explained by the short racing distance and different type of exercise 
performed by the Standardbreds (1600- to 2500-m racing). For race-
horses, races of this distance are considered sprinting and the effect 
of sprinting on the APR has not previously been investigated in 
Standardbred trotters. In contrast, blood-biochemical changes were 
demonstrated that were consistent with acute hemolysis (increased 
hemoglobin and decreased haptoglobin and iron), which might 
suggest that even short bouts of strenuous exercise by the horses 
can lead to changes similar to those observed in human athletes and 
horses after acute short or longer term exercise (6,30,36). It needs to 
be determined whether these changes affect the performance and/or 
health of the horses.

A c k n o w l e d g m e n t s
The authors thank all trainers and horse owners for participating 

in this study. The study was funded by grants from the Anniversary 
Foundation of the Kingdom of Denmark Horse Insurance, The Kustos 
Foundation of 1881, Boehringer Ingelheim Denmark, Merial Norden, 
and E-vet Denmark. HemoCue (Vedbæk, Denmark) kindly provided 
the test strips for determining WBC and hemoglobin concentrations 
in group B horses.



2000;64:0–00 The Canadian Journal of Veterinary Research 101

Re f e r e n c e s
  1.	 Gabay C, Kushner I. Acute-phase proteins and other systemic 

response to inflammation. New Engl J Med 1999;340:448–454.
  2.	 Jacobsen S, Andersen PH. The acute phase protein serum amy-

loid A (SAA) as a marker of inflammation in horses. Eq Vet Edu 
2007;19:38–46.

  3.	 Peeling P. Exercise as a mediator of hepcidin activity in athletes. 
Eur J Appl Physiol 2010;110:877–883.

  4.	 Oliveira JP, Badial PR, Cunha PHJ, et al. Lipopolysaccharide-
infusion up-regulates hepcidin mRNA expression in equine liver. 
Innate Immun 2012;18:436–446.

  5.	 Cywinska A, Gorecka R, Szareska E, Witkowski L, Dziekan P, 
Schollenberger A. Serum amyloid A level as a potential indicator 
of the status of endurance horses. Eq Vet J 2010;42:23–27.

  6.	 Cywinska A, Szarska E, Gorecka R, et al. Acute phase protein 
concentrations after limited distance and long distance endur-
ance rides in horses. Res Vet Sci 2012;93:1402–1406.

  7.	 Kasapis C, Thompson PD. The effects of physical activity on 
serum C-reactive protein and inflammatory markers. A system-
atic review. J Am Coll Cardiol 2005;45:1563–1569.

  8.	 Drenth JPH, Krebbers RJM, Bijzet J, van der Meer JWM. 
Increased circulating cytokine receptors and ex vivo interleukin-1 
receptor antagonist and interleukin 1b production but decreased 
tumour necrosis factor-a production after a 5-km run. Eur J Clin 
Invest 1998;28:866–872.

  9.	 Strachan AF, Noakes TD, Kotzenberg G, Nel AE, de Beer FC. 
C reactive protein concentration during long distance running. 
Br Med J 1984;289:1249–1251.

10.	 Wakshlag JJ, Kraus MS, Gelzer AR, Downey RL, Vacchani P. The 
influence of high-intensity moderate duration exercise on cardiac 
troponin I and C-reactive protein in sled dogs. J Vet Intern Med 
2010;24:1388–1392.

11.	 Giori L, Moretti P, Giordano A, Paltrinieri S. Short-term evalu-
ation of serum amyloid A after exercise in clinically healthy 
horses. J Eq Vet Sci 2011;31:499–501.

12.	 Taylor C, Rogers G, Goodman C, et al. Hematologic, iron-related, 
and acute phase protein responses to sustained strenous exercise. 
J Appl Physiol 1987;62:464–469.

13.	 Weight LM, Alexander D, Jacobs P. Strenous exercise: Analogous 
to the acute-phase response? Clin Sci (London) 1991;81:677–683.

14.	 Liesen H, Dufaux B, Hollmann W. Modifications of serum 
glycoproteins the days following a prolonged exercise and the 
influence of physical training. Eur J Appl Physiol Occup Physiol 
1977;37:243–254.

15.	 Fazio F, Assenza A, Tosto F, Casella S, Piccione G, Caola G. 
Modifications of some acute phase proteins and the white blood cell 
count in thoroughbreds during training. Vet Rec 2010;167:370–372.

16.	 Jacobsen S, Kjelgaard-Hansen M, Petersen HH, Jensen AL. 
Evaluation of a commercially available human serum amyloid A 
(SAA) turbidometric immunoassay for determination of equine 
SAA concentrations. Vet J 2006;172:315–319.

17.	 Pihl TH, Andersen PH, Kjelgaard-Hansen M, Mørck NB, 
Jacobsen S. Serum amyloid A and haptoglobin in serum and 
peritoneal fluid of healthy horses and horses with acute abdomi-
nal pain. Vet Clin Pathol 2013;42:177–183.

18.	 Jacobsen S, Nielsen JV, Kjelgaard-Hansen M, et al. Acute phase 
response to surgery of varying intensity in horses: A preliminary 
study. Vet Surg 2009;38:762–769.

19.	 Nunokawa Y, Fujinaga T, Taira T, et al. Evaluation of serum 
amyloid A protein as an acute-phase reactive protein in horses. 
J Vet Med Sci 1993;55:1011–1016.

20.	 Andersen S, Petersen HH, Ersbøll AK, Falk-Rønne J, Jacobsen S. 
Vaccination elicts a prominent acute phase response in horses. 
Vet J 2012;191:199–202.

21.	 Fazio F, Assenza A, Tosto F, Casella S, Piccione G, Caola G. 
Training and haematochemical profile in Thoroughbreds 
and Standardbreds: A longitudinal study. Livest Sci 2011;141: 
221–226.

22.	 Jacobsen S, Niewold ThA, Halling-Thomsen M, et al. Serum 
amyloid A isoforms in serum and synovial fluid in horses with 
lipopolysaccharide-induced arthritis. Vet Immunol Immunopathol 
2005;110:325–330.

23.	 Walsh NP, Gleeson M, Shepard RJ, et al. Position statement. 
Part one: Immune function and exercise. Exerc Immunol Rev 
2011;17:6–63.

24.	 Lejeune JP, Sandersen C, Votion D, et al. Effect of intensive 
exercise on plasmatic neutrophil elastase level in eventing and 
endurance horses. Eq Vet J 2010;42:12–16.

25.	 Peeling P, Dawson B, Goodman C, Landers G, Trindr D. Athletic 
induced iron deficiency: New insights into the role of inflam-
mation, cytokines and hormones. Eur J Appl Physiol 2008;103: 
381–391.

26.	 Inoue Y, Matsui A, Asai Y, Aoki F, Matsui T, Yano H. Effect of 
exercise on iron metabolism in horses. Biol Trace Elem Res 
2005;107:33–42.

27.	 Paulev P-E, Jordal R, Pedersen NS. Dermal excretion of iron in 
intensely training athletes. Clin Chim Acta 1983;127:19–27.

28.	 Dufaux B, Hoederath A, Streitberger I, Hollmann W, Assman G. 
Serum ferritin, transferrin, haptoglobin, and iron in middle- 
and long-distance runners, elite rowers, and professinal racing 
cyclists. Int J Sports Med 1981;2:43–46.

29.	 Buckman MT. Gastrointestinal bleeding in long-distance runners. 
Ann Int Med 1984;101:127–128.

30.	 Martinez AC, Escanero JF. Iron, transferrin, and haptoglobin 
levels after a single bout of exercise in men. Physiol Behav 1992; 
51:719–722.

31.	 Peeling P, Dawson B, Goodman C, et al. Training surface and 
intensity: Inflammation, hemolysis, and hepcidin expression. 
Med Sci Sports Exerc 2009;41:1138–1145.

32.	 Peeling P, Dawson B, Goodman C, et al. Cumulative effects of 
consecutive running sessions on hemolysis, inflammation and 
hepcidin activity. Eur J Appl Physiol 2009;106:51–59.

33.	 Telford RD, Sly GJ, Hahn AG, Cunningham RB, Bryant C, 
Smith  JA. Footstrike is the major cause of hemolysis during 
running. J Appl Physiol 2003;94:38–42.

34.	 Yusof A, Leithauser RM, Roth HJ, Finkernagel H, Wilson MT, 
Beneke R. Exercise-induced hemolysis is caused by protein 
modification and most evident during the early phase during 
an ultraendurance race. J Appl Physiol 2007;102:582–586.

35.	 Allen B, Archer RK. Haptoglobins in the horse. Vet Rec 1971;89: 
106–109.



102 The Canadian Journal of Veterinary Research� 2000;64:0–00

36.	 Cywinska A, Szarska E, Kowalska A, Ostaszewski P, 
Schollenberger A. Gender differences in exercise-induced intra-
vascular haemolysis during race training in Thoroughbred 
horses. Res Vet Sci 2011;90:133–137.

37.	 Chatard J-C, Mujika I, Guy C, Lacour J-R. Anemia and iron 
deficiency in athletes. Practical recommendations for treatment. 
Sports Med 1999;27:229–240.


